





CRITICAL REVIEW ON EFFECTS OF PORE TYPE 
CLASSIFICATIONS ON PORE PRESSURE AND ITS 
ESTIMATION TECHNIQUES 
   
by 
 
Full Name: Muhammad Iqmarul Alimin Bin Md. Sambri 




This dissertation report is submitted in partial fulfilment of the requirement for Masters 





Universiti Teknologi PETRONAS 
Bandar Seri Iskandar 31750 










CRITICAL REVIEW ON EFFECTS OF PORE TYPE 





Full Name: Muhammad Iqmarul Alimin Bin Md. Sambri 
Student ID: G02371 
 
 
A project dissertation submitted to the Petroleum Engineering Programme Universiti 








Dr Masoud Rashidi 
Project Supervisor and Senior Lecturer 
Programme Modulator MSc Petroleum Engineering 
Universiti Teknologi PETRONAS 
Bandar Seri Iskandar 31750 









This is to certify that I am responsible for the work submitted in this project, that the 
original work is my own except as specified in the references and acknowledgements, 
and that the original work contained herein have not been undertaken or done by 











Determining pore pressure is one of the main vital factors to be considered in a pre-
drilling phase of each development plan. This is because with the right pore pressure 
estimated, proper casing design and drilling fluid can be used which in turn can save 
money, lives and environments. If wrongly predicted, accidents and unwanted problems 
such as blowouts and wellbore instability can occur. In this project study, a relationship 
between pore types, their classifications with pore pressure was first examined by 
reviewing previous published works. An indirect correlation was found between pore 
type and pore pressure but a rather direct correlation for pore type to porosity was found 
where different pore types and their classifications give different porosity. It was found 
that there are three different basic types of pores which are reference, stiff and cracks. 
They are different in aspect ratio corresponding to different porosity values. Hence for a 
certain porosity value, there must be a certain pore pressure. This pore pressure can be 
calculated on different methods. The different approaches on prediction methods were 
assessed and critical evaluation was made on them to find the advantages, disadvantages, 
limitations and assumptions on each, focusing into solving the problems and as a part of 
the objectives of this research. The best prediction method chosen was with the use of 
acoustic or sonic log with electrical log in determining this pore pressure. It also could be 
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Chapter 1  INTRODUCTION 
 
1.1 Background of Project 
  
This research study is to find a relationship between pore type and their 
classifications with pore pressure, if there is. Pore type here includes pore 
geometry or a range of pore sizes and diameters. The importance of finding pore 
pressure of subsurface is such that it helps to predict and model what the well 
design will look like as to maximize profit and safety while minimizing cost of 
investment in the exploration, drilling and production operations of oil and gas 
industry (Fertl and Chilingarian, 1977, Smith, 2000). Mainly in a pre-drilling and 
during drilling phase, this includes in the design of casing with respect to its 
setting depth, permitting better casing points selection
 
(Foster, 1966), to program 
type of drilling fluid used (Smith, 2000), in evaluations of reservoirs and overall 
to design a successful, efficient and safe drilling activities (Hottmann and 
Johnson, 1965). 
 
Given a geological setting, to predict pore pressure a set of normal parameters are 
used. There will not be many problems in the design of well if this is the case. 
However, this is not the usual case. A lot of parameters have caused the pore 
pressure to be lower or higher than the normal pore pressure. This is called an 
abnormal pressure. There are a lot of geological effects or mechanisms generating 
this abnormal pressure as explained in many published papers by Kulkarni, Meyer 
and Sixta, 1999, Shaker, 2002, Guiterrez, Braunsdorf and Couzens, 2006, Cao et 




 Expansion of fluid volume due to heating 
 Under compaction (compaction disequilibrium); loading forces by which 
pore fluids are restricted from moving as there is a fast burial of rocks 
having sufficiently low permeability 
 Compression in lateral direction  
 Reservoir depletion 
 Movements of‎Earth’s tectonic plates (lateral stress) 
 Movement of fluid due to contrast in the lateral density and buoyancy 
effect. 
 
In a chronological timeline, different methods of determining pore pressure have 
been used. A lot of these methods have improved, made better amendments with 
time. With this a relationship between pore type and their classifications is to be 
observed with pore pressure. Most well-known methods made full use of the 
porosity as being the main parameter to determine this pore pressure. This 
porosity is a function of different parameters like effective stress since porosity is 
a measure of degree of compaction (Hubbert and Rubey, 1959, Guiterrez, 
Braunsdorf and Couzens, 2006). This means that value of porosity decreases with 
depth as effective stress increases. So by monitoring changes in porosity which 
probably has a relation with pore type and their classifications, maybe it is 
possible to see the changes in pore pressure (Hubbert and Rubey, 1959).  
 
1.2 Problem Statement 
 
To obtain successful drilling activities, determining the correct pore pressure 
becomes the main key (Hubbert and Rubey, 1959). An integration of data and 
observations from different sources can provide better result in predicting pore 
pressure in line with its geological environment settings (Smith, 2000). With a 
good estimation of pore pressure, the mud weight can then be properly designed 
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with respect to the correct use of pore pressure gradient resulting in high 
penetration rate of mud at low cost (Foster, 1966, Lesage et. al, 1992, Smith, 
2000). If wrongly set, blowout or kick or lost circulation fluid and instability 
problems in wellbore may occur (Guiterrez, Braunsdorf and Couzens, 2006). The 
distribution of pore pressure is different in different parts of the world depending 
on parameters that vary differently in that specific area of interest. So predicting 
pore pressure becomes an ultimate goal. 
 
Before drilling, pore pressure is estimated indirectly by use of offset well log data 
or by analysis of seismic results. An inspection of different velocities in the 
seismic data helps to identify different zones of hydrocarbon and non-
hydrocarbon. This method however is expensive and not quantitative. Offset wells 
data means analysing the logs given such that those of resistivity, porosity and 
density logs – more preferable to be applied in pre-drilling phase. However during 
drilling, it is estimated by the evaluation of real time information. In a specific 
environment, familiar known methods have been used like: Eaton method, 
Bowers method and Miller method to obtain this pore pressure. 
 
There has not been much research conducted to examine the relationship between 
pore types, their classifications with pore pressure. This study attempts to 
examine possible correlation between pore types, their classifications with pore 
pressure.  
 
1.3 Objectives and Scope of Study 
 




 To examine possible relationship between pore types, their classifications with 
pore pressure. 
 To identify different methods of pore pressure prediction and use known best 
method to predict pore pressure. This focuses into solving the problems by 
using the data given. 
 To make future recommendations in obtaining realistic results within the time 
constraint given. 
 
Scope of study includes published works in the form of journals, books and 
certified websites. First a discovery is to be made to see if a relationship exists 
between pore types, their classifications with pore pressure. Then with the 
proposed objectives, a method is to be applied making a critical evaluation on the 
research study making full use of the offset well data given. Then a further study 
between different approaches of pore pressure estimation is to be done then from 
this, they are to be compared and contrasted to choose the best method that can be 
applied in this study. Finally, a modification is made if there is an action needed 
in giving more accurate results. 
 
Acquiring a deeper knowledge on this study comes off as one of the important 
factors to be considered in the Oil and Gas industry as much failure can be seen to 
be increasing nowadays. This research study is important because it can save a lot 
of money and in fact save lives if the correct estimation is done to prevent 
unwanted problems as stated above from occurring. It is feasible to do this project 
within a limited timeline given after doing intensive literature based research on 
this matter. No hardware is needed other than personal computer as this research 
study is mostly literature based.  
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Chapter 2  LITERATURE REVIEW 
 
2.1 Pore Types and their Classifications 
 
It was found out there was a limited amount of works done in classifying the 
different pore types. This is important in this study by which with limited amount 
of data given, can the different pore types be more understood? Luanxiao Zhao et 
al., 2013 paper discussed how pore type is distributed quantitatively from data 
obtained that of offset well logs and seismic. Their paper also detailed out three 
different types of pores corresponding to different porosities in the pores then 
representing the effective stresses connection. This revealed the relationship 
between pore types and their classifications with porosity then to pore pressure. 
 
They also reported that the variations in pore types and their classifications are 
due to the difference in historical digenesis which affected and changed the 
texture and mineralogy of the rocks within. Hence if minerals within rocks and 
their fluids are known, cross-plots of velocity with porosity are related to the type 
of pore. It was found that there are three basic pore types which are geophysically 
termed as stiff, reference and crack pores. Their aspect ratios are 0.7-0.8, 0.12-
0.15 and 0.01-0.02 respectively. The summary of results from their research and 
their images are shown in Figure 2.1 (Irineu and Roseane, 2012, Luanxiao Zhao 





Figure ‎2.1: Different Pore Types (Luanxiao Zhao et al., 2013) 
 
Geological processes such as dolomitisation, dissolution and cementation in the 
pores are the main factors affecting porosities. In other words, the spatial 
distributions of variation in pore types are due to the effect of these processes and 
their effects towards other petrophysical properties like porosities (Luanxiao et 
al., 2013). Figure 2.2 shows for a different pore type and their classifications, 
how velocity and porosity is related where H-S bounds are Hashin-Shtrikman 
bounds, reference line is for reference pores as stated in Figure 2.1. 
 
Figure 2.2 details out this manner between two stones which are limestone and 
dolostone. The y-axis represents the velocity while the x-axis represents the 
porosity values. From their study, it was stated that below the reference line 
represents more cracks and above reference line represents more stiff pores in the 
pore type. Velocity is more affected in stiff pores than in crack pores. In a detail 
manner, shear wave (S-wave velocity) is more affected by cracks than stiff pores 





Figure ‎2.2: Pore Type Effect with Cross-plot of Velocity-Porosity Relation 
(Luanxiao Zhao et al., 2013) 
 
It is clearly established from critical evaluation of different papers here and the 
findings from these papers, between pore type and their classifications, there is an 
indirect relationship between pore type that is pore size and geometry with the 
pore pressure (Fertl and Chilingarian, 1977), this however need to be 
comprehended in relation to other properties such that there are different 
porosities for different pore types and their classifications. For these different 
porosities, they correspond to different values of pore pressures. Hence there is 
indeed to understand about this information before proceeding further in 
comprehending its relationship. With the help of core data, geological data, offset 
well data and seismic data then their combination can help map the pore size 
distribution (PSD) in a reservoir. 
 
 2.2 Porosity 
 
Porosity is a rock property which characterises pore space (Nimmo, 2004). It is a 
ratio of void volume to total volume. It depends on particle size distribution, 
particle shape, cementing and packing density. Depending how the grains are 
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packed, porosity values, ø must be between 0.26 to 0.48. For sand grains of 
different sizes, ø is between 0.30 to 0.35 (Nimmo, 2004). If irregularities in shape 
increase, gaps are getting bigger thus giving bigger porosity. This relates to the 
PSD. 
 
PSD is usually defined by the effective radius of the pore body. Another factor 
constituting the effect of size includes cross sectional area and pore volume. PSD 
is in relative abundance to that of pore size representing the volume overall 
(Nimmo, 2004). Pore size is measured by means of analysis of individual pore 
images geometrically, done by using 3-D thin section microscopy imposing 
impregnation techniques. It can also be predicted from seismic data or physical 
relationship of rocks or be derived from geostatistical methods (Luanxiao et al., 
2013). It plays a key role in quantification of structure. Since different porosities 
give different PSD and hence different pore types and their classifications, so 
there is a direct correlation of pore types and their classifications with porosity 
and therefore porosity with pore pressure is directly related (as different pore 
types give different pore pressure as stated in the first subsection). Predicting pore 
pressure based on porosity involves compaction of grains with known 
compressibility (Swarbrick, 2001) and it has a direct relationship with effective 
stress. Porosity-effective stress relationship is majorly used in determining pore 
pressure profiles (Shaker, 2002). 
 
 2.3 Effective Stress 
 
Effective stress is the load exerted by matrix rocks’‎ grain-to-grain contacts 
(Holbrook, 1987) and is acting upward as a force diametrically opposing the 
overburden pressure (Yoshida, Ikeda and Eaton, 1996). Hubert and Rubey, 1959 
stated that an effective stress exerted by porous medium is directly proportional to 
the degree of compaction. The deeper the depth of burial, the higher the 
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compaction degree so lower porosity and greater density of shale (SPE, 1983). 
This effect is further discussed in further sections below in determining normal 
and abnormal pressures. It is one of the main key factors in determining pore 
pressure (Alixant and Desbrandes, 1991). 
 
Laws of effective stress was first developed by Terzaghi (Kumar et al., 2010, 
Atashbari and Tongay, 2012) extended further to comprehend more about this 
parameter in relation to deformation and permeability was laid out in a paper 
explained by Warpinski and Teufel, 1992. In their paper, it was stated that 
effective stress may differ between pore types that of sandstone and chalk due to 
differential effect in the spherical pores in chalk and slot porosity in that of 
sandstones. The latter tend to have effective stress approximately closer to unity. 
Later, it was stated that by numerical simulation, effective stress is a function of 
geomechanical and geological parameters (Khan, Teufel and Zheng, 2000). 
Another paper studied this effect for petrophysical rock properties in detail 
(Shafer, Boitnott and Ewy, 2008). 
 
2.4 Normal and Abnormal Pressure 
 
Direct pressure measurement is fairly impossible in pre-drilling phase
 
(Alixant 
and Desbrandes, 1991). Difficulties include (Scott and Thomsen, 1993): 
1) Difficult in measuring remotely pore pressure, there is always a need in 
measuring other parameters first. Secondary parameters are sensitive to other 
factors. From this, assumptions are made with respect to these factors. 
2) Measured quantity is poorly resolved and sometimes is very inaccurate due to 
the involvement of random and systematic errors. 
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3) Prediction is based on method which is calibrated and smoothed using data 
from around the borehole and wellbore region which do not represent the pore 
data overall. 
 
Pore pressure is defined as the difference between overburden and the effective 
stress (Holbrook and Hauck, 1987). It is measured in sand reservoir and predicted 
in impermeable layers (Shaker, 2002). Pore pressure refers to fluid pressure in 
pores which is equivalent to the pressure of hydrostatic when the fluid in pores 
only supports its overlying weight (Kumar et al., 2010) Normal pressure is 
defined as formation pressure which is estimated to equal that of fluid hydrostatic 
pressure of equivalent depth (Hottmann and Johnson, 1965, Fertl and 
Chilingarian, 1977, Khazanehdari, 2012). Any formation which deviates higher of 
its pressure than this hydrostatic pressure is called overpressure formation or 
abnormally pressured. 
 
It is this type of pressure that needs to be considered at much expense for drilling 
activities to succeed. Factors affecting this abnormal pressure are such as 
permeability of formation, depositional rate and the ratio of hydrocarbon to non-
hydrocarbon (Hubert and Rubey, 1959). A lot of researches have been done to 
understand this abnormal pressure.  
 
In an environment, a layer of sediments were deposited to sea bottom. With time, 
more and more layers were deposited on top of one another giving sediments to 
be compacted together with an increase in an overburden weight (Foster, 1966) 
Fluid inside pore spaces would be squeezed and in hydraulic communication with 
fluid in the sediments and above the sea giving pressure noted as hydrostatic 
pressure (Eaton, 1972, Fertl and Chilingarian, 1977, Khazanehdari, 2012). If this 
fluid was unable to move from pores when overburden weight increases, the fluid 
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could not be squeezed resulting in higher fluid pressure than the hydrostatic 
pressure (Fertl and Chilingarian, 1977, SPE, 1983). This phenomenon resulted in 
an abnormal pressure (Foster, 1966). 
 
Examples of abnormal pressure depend on the basin history (Yao and Han, 2009) 
and depositional environments like those sediments deposited in slope or outer 
shelf environment, in ridges, unconformities and diapiric domes (Martin, 1972, 
Fertl and Chilingarian, 1977). Hubert and Rubey, 1959 also suggested that 
abnormal pressure occurred in environments of rapid loading, interbedded 
sandstones and formations with clays. A worldwide occurrence of abnormal 
pressure is shown in Figure 2.3. This figure established that abnormal pressure 
may occur at a few 100 feet below surface or to depths at 20,000 feet. There is no 
doubt; dealing with this abnormal pressure becomes one of the important factors 
in decision-making in the industry since it greatly affects any Oil and Gas 
activities especially during drilling phase. With its presence, cost, risk and time 
increases affecting revenue as shown in Figure 2.4 where x-axis represents cost, 
risk and time and y-axis represents well depth. This means in the abnormal 
pressured regions, there are lots of time, cost and risks involved while it was 





Figure ‎2.3: The Common Occurrence of Abnormal Pressure Globally (Fertl and 
Chilingarian, 1977) 
 
Figure ‎2.4: Depth vs Time, Cost and Risk for both Normal and Abnormally 
Pressure Zones (Fertl and Chilingarian, 1977) 
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2.5 Different Methods of Pore Pressure Estimation 
 
Historically, a deep research has been done for estimating pore pressure using 
known curves as a function of depth (Holbrook, 1989). The list continues to grow 
and gets better as time passes by (Bowers, 1995). Scientists and engineers have 
established curves (Nygaard et al., 2008) which differ in different environmental 
and formation settings so assumptions have been made throughout with respect to 
this estimation (Huffman et al., 2011). These prediction methods make full use of 
seismic data of interval velocities, logs of offset wells and the histories of the 
wells themselves (Yoshida, Ikeda and Eaton, 1996). Examples of such methods 
are laid out below, where processes, advantages and limitations of each method 
are explained briefly. 
 
In estimating this pore pressure, methods are divided into two sections which are 
argillaceous formations estimation technique and permeable formation estimation 
technique (Greenword, Dautel and Russell, 2009, Haugland et al., 2013). The first 
one makes full use of observations corresponding to porosity or effective stress 
(with comprehension on compaction rate and unloading mechanism which is 
controlled by size of particles and its distribution, minerals in clay, temperature 
(Vernik, 2011)) while the second one required direct observation made on pore 
pressure and knowledge on type of fluid presents and structures geologically. A 
full case study incorporating all the famous methods was done to a field in 
Western Canada Sedimentary Basin (Contreras, Hareland and Aguilera, 2011) 
and also worldwide prediction (Tang et al., 2011), giving different results and 






2.5.1 Resistivity and Acoustic Logs 
 
Using data from both resistivity and acoustic logs (Hottmann and Johnson, 1965) 
where a linear relationship between depth and transit time is established while a 
non-linear relationship is observed between depth and resistivity. C. E Hottmann 
suggested that both empirical methods (Alixant and Desbrandes, 1991) are 
accurate at predicting about 0.04 psi/ft fluid pressure gradient while J.F. Evers 
and Richard of Wyoming in 1983
 
giving predictions estimated to be accurate at 
0.03 psi/ft. This indicates how value is greatly affected by different geological 
environments and formations as explained in details below. 
 
From the acoustic log, the velocity is a function of lithology and porosity 
(Hubbert and Rubey, 1959, Khaksar, 2011 and Atashbari and Tingay, 2012) 
where for a normal trend, a travel time decreases (velocity increases) as porosity 
decreases since depth increases as shown in Figure 2.5 where a graph of travel 
time versus depth is drawn for a normal pressured region. An abnormal trend is 
observed once deviation occurred from the normal trend due to high transit time 
since porosity here is higher as shown in Figure 2.6 where a graph of travel time 
versus depth is drawn for a normal pressured region as well as an abnormal 
pressured zone. Note that, velocity is related to density of rock (Rehm and 
McClendon, 1971). Mathematically, a transit time is related to pore space in rock 
represented by Equation 2.1 below where t is transit or travel time, A and B are 
constants from graph of depth against time and ø is porosity (SPE, 1983). 
 
            (2.1) 
 
Detailed description: From these two figures, to estimate pore pressure is first by 
plotting logarithmic of transit time versus depth then plotting the same graph for 
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an interested well. If plotted points diverge from the normal line, top of 
overpressured formation is noted at that specific depth. At any depth, pore 
pressure can be found by measuring divergence from normal line then find the 
fluid pressure gradient corresponding to the difference between observe and sand 
transit times and finally fluid pressure gradient is multiplied to depth to find the 
pore pressure (Hubbert and Rubey, 1959). 
 
Lane and Macpherson, 1976 reviewed this method in their paper for a case study 
in the Gulf of Mexico. R. R. Weakley, 1990 also made full use of the sonic or 
acoustic logs in determining pore pressure for different wells. Miller on the other 
hand (Zhang, Standifird and Lenamond, 2008), provided, a relationship between 
effective stress and velocity using normal compaction trend asymptotically to 
velocities of matrix. All of these papers, established about similar approach. 
 
 






Figure ‎2.6: Travel Time vs Burial Depth for Abnormal Pressured (Hottmann and 
Johnson, 1965) 
 
Using resistivity method, factors affecting resistivity are porosity, fluid salinity, 
mineral composition and temperature (Hubbert and Rubey, 1959, Jones, 1969, 
SPE, 1983, Haugland and Tichelaar, 2008). Sensitivity of these parameters is 
explained by Haughland and Tichelaar, 2008. Similarly like the first method, this 
second method also observed the trend line where resistivity against depth is 
established as shown in Figure 2.7. An abnormal trend is observed one deviation 
occurred from the normal trend due to lower resistivity observed since porosity is 
higher (compaction progresses and permeability decreases more rapidly than 
porosity (Jones, 1969 Eaton, 1975) as shown in Figure 2.8. Note that, resistivity 
and density of rock decreases with burial depth (Martin, 1972). 
 
From these two figures, to estimate pore pressure is first by plotting logarithmic 
of resistivity versus depth then plotting the same graph for an interested well. If 
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plotted points diverge from the normal line, top of overpressured formation is 
noted at that specific depth (SPE, 1983). At any depth, pore pressure can be found 
by measuring ratio of extrapolated to observed resistivity then find the fluid 
pressure gradient corresponding to this ratio (Martin, 1972) and finally fluid 
pressure gradient is multiplied to depth to find the pore pressure (Hubbert and 
Rubey, 1959). This process is repeated at various depths. 
 
Based on this method, pressure gradient for a normal environment was found to 
be 0.465 psi/ft so any deviation higher from this value is called an abnormal 
pressure (Martin, 1972, SPE, 1983). A case study was performed for this method 
in determining abnormal pore pressure as per mentioned in a paper written by 
Evers and Richard, 1983 giving predictions estimated to be 0.03 psi/ft. 
 
 





Figure ‎2.8: Resistivity vs Burial Depth for Abnormal Pressured (Hottmann and 
Johnson, 1965) 
 
Limitations of both methods include undefined problems in tools (Fertl and 
Chilingarian, 1977), conditions of borehole and the characteristics of surrounding 
which affect readings on both resistivity and acoustic logs. Furthermore, it is 
subjective to find the normal trend which creates problems with no experience 
regionally and the empirical relationship between pressure gradients and 
petrophysical parameters are based on data obtained on this regional area (Alixant 
and Desbrandes, 1991). 
 
Eaton improved that original method by Hottman and Johnson in his 1972 and 
1975 papers where he stated that this method is only applicable to Tertiary Age 
sediments such that abnormal pressure is due to overburden stress (Eaton, 1972). 
Eaton also used a bigger data base in developing equations relating to pore 
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pressure to deviation ratio between values of log observed and values from 
normal trend line (Yoshida, Ikeda and Eaton. 1996), same approach as laid out 
above. 
 
2.5.2 Electrical Logs 
 
Another paper introduced by Foster, 1966 whereby a different approach was made 
in the estimation of pore pressure using equations to derive empirically derived 
methods. Hubbert and Rubey, 1959 derived an Equation 2.2 relating net 
overburden pressure to porosity where ø is porosity, øi is porosity at surface, σ is 
net overburden pressure or effective stress and K is a constant. First porosity is 
determined at that particular depth then overburden pressure is determined 
assuming there is a normal pressure (Swarbrick, 2001). Then a logarithmic plot of 
porosity against net overburden pressure (effective stress) is constructed as shown 
in Figure 2.9 showing both normal and abnormal trends.  
 
       




Figure ‎2.9: Porosity vs Net Overburden Pressure (Foster, 1966) 
 
An electrical survey is done in this case run virtually on borehole through all the 
drilled sections then formation resistivity factor, F (Eaton, 1975) is calculated 
which is a function of porosity such that it is the ratio of electrical resistivity of 
rock cube of 100% water saturated, Rs to electrical resistivity of water with 
saturated cube, Rw as shown in Equation 2.3 (Eaton, 1972). Archie, 1942 stated 
that F is indirectly proportional to porosity, ø
m
 where a = 1and a is tortuosity 
constant and m is cementing factor which usually have values in a range of 1.8 to 
2.3 (Holbrook and Hauck, 1987), where porosity decreases so average pore 
tortuosity increases as shown in Equation 2.4. 
 
   
  
  




   
 
  
     (2.4) 
 
F when plotted logarithmically with net overburden pressure (effective stress),    
will result in a straight line. Using Equations 2.2 and 2.4 and taking 
logarithmically gives Equation 2.5. 
 
                  (2.5) 
 
Simplifying this by plotting ln F against depth instead of porosity against net 
overburden pressure (effective stress),   gives same plot as that shown in Figure 
2.9. This plot is shown in Figure 2.10. For a given value of F at that particular 
depth, find a depth at the straight line for same value of F there is. Then calculate 
net overburden pressure or effective stress, σ using Equation 2.6 where D is 
depth. Hence pore pressure, P is calculated as in Equation 2.7 (Eaton, 1972) 
where S is overburden pressure which is usually 1.0D (Eaton, 1975) and σ is 
effective stress. Overburden pressure, S is an integral part for bulk densities 
multiplies by gravitational constant of Earth from surface to that of preferred 
depth (Holbrook and Hauck, 1987). 
 
Note that, bulk density is a function of lithology and usually obtained from 
density logs or estimated from seismic data of interval velocity or sonic well logs 
(Yoshida, Ikeda and Eaton, 1996). Holbrook, Maggiori and Hensley also stated 
more of this method in detail in 1995 by which they explained this method of 
application incorporating petrophysical data with the mineralogy in formations 




σ = 0.535 D      (2.6) 
P = S -         (2.7) 
 
 
Figure ‎2.10: Formation Factor vs Depth (Foster, 1966) 
 
Limitations of these methods are such that until a hole has been drilled, electrical 
surveys is not possible, this pressure estimate method depends on traits of offset 
well and intermediate logs (Foster, 1966). 
 
 2.5.3 Seismic 
 
This is where velocities obtained from seismic are used in predicting pore 
pressure as explained by Sayers et al. in his 2000 paper. These velocities are 
smoothed out. Figure 2.11 shows how transformation of velocity to pore pressure 
can be done from velocity-depth graph to effective stress-depth graph. This was 
done by employing different methods by scientists and/or engineers. The 
velocities are refined to give a better comprehension on the spatial distribution 
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and magnitude of pore pressure (Sayers, Johnson and Denyer, 2000, Huffman et 
al., 2011, Tang et al., 2011, Khaksar, 2011). Bowers, 1995 suggested that seismic 
velocities, v are related to effective stress from an Equation 2.8 below where vo is 
the velocity of saturated and unconsolidated sediments and A and B are constants 
describing variations in velocities with increasing effective stress, σ (Ji and Fan, 
2010): 
 
        
     (2.8) 
 
Then pore pressure can be calculated using Equation 2.7. Bowers in his 1995 
paper also made full use of this method but extending further by accounting on 
excess pressure due to under compaction and fluid expansion overpressure (Kelly, 
Skidmor and Cotton, 2005, Nygaard et al., 2008) mechanisms through definition 
of curves of unloading and loading respectively (Kulkarni, Meyer and Sixta, 
1999). He later made a deeper review and revised method in this matter by cross-
plotting sonic velocity with density data due to velocities reversal and to better 
identify high pore pressure regions (Bowers, 2001). 
 
Sayers and Woodward, 2001 later enhanced this prediction method by using 
reflection tomography which improved resolution spatially which is important in 
the design of well incorporating P and S types of waves (compressional and shear 
respectively). A regional study has been done in the Gulf of Mexico and North 
Sea implying this method (Cibin et al., 2004) while a case study in South China 
Sea was done incorporating this method (Cao et al., 2006) and another one in 
northeast of Sichuan (Yu et al., 2009). A deeper understanding also was applied to 





Figure ‎2.11: Transformation of Velocity to Pore Pressure (Sayers, Johnson and 
Denyer, 2000) 
 
Limitation of this method is such that equation from unloading curve is not 
perfect giving lower pore pressure determination but this was later revised by Ji 
and Fan in their 2010 paper which improved the use of Bower’s method as per 
explained above. 
 
2.5.4 Drilling Data 
 
This is where Bill Rehm in his paper in 1971 laid out the use of drilling equations 
in the estimation of pore pressure value. This method provides real time or semi-
real time information (Fertl and Chilingarian, 1977, Greenwood, Dautel and 
Russell, 2009). Reasons why this method can work are: 
1) When drilling bit is entering the abnormal pressured zone, drilling rate 
measured is very much related to porosity or density as per mentioned in the 
previous methods hence pore pressure can be determined. 
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2) When the difference between wellbore and pore pressure decreases, there is an 
increase in the rate of drilling denoting that drilling in an abnormal pressured zone 
has been reached. 
 
The concept employed by this method includes the use of d-equation as main 
indicator of the difference in pressures as shown in Equation 2.9 where d is the 
drilling‎equation’s‎exponent,‎D is diameter of drilling bit in inch, N is the rotary 
speed in rate per minute, R is rate of penetration in feet per hour and W is load on 
bit in pound. These parameters are obtained in real time and are normalised to a 
set of conditions beforehand (Yoshida, Ikeda and Eaton, 1996). 
 
From this, upon entering the abnormal pressured zone, value of d can be put on 
trend to keep a constant value in the difference in pressures. Hence bottom hole 
pressure can be calculated. At any depth, formation pressure gradient is 
equivalent to the summation of mud weight gradient in normal pressured zone 
with gradient of the difference in pressures (Rehm and McClendon, 1971, 
Atashbari and Tingay, 2012). 
 
   
   
 
   
   
   
    
     (2.9) 
 
Limitations of this method are such it is not possible to develop an equation 
suitable for all conditions, difficulties in getting constant bit weight, mud weight 
and rotary speed especially upon entering one zone to another different zone 
although these values can desirably be changed. However this is such a daunting 
approach and will only give more confusion as explained by Rehm, 1971. 
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2.5.5 Flowline Temperature Gradients 
 
This method was suggested by Wilson and Bush, 1973 by which pore pressure 
determination is done by observing the variations of temperature of mud at 
surface. Temperature in subsurface increases with depth as given in Equation 
2.10 below where G is the geothermal gradient, D is depth in feet and T is 
temperature in Kelvin: 
           
         
     
     
    (2.10) 
 
G is constant at a specific depth of area; higher value of G has a relationship with 
the pore pressure obtained from abnormal pressured region. Theoretically, this 
departure from normal behaviour is due to heat within earth moving outwards 
from region of molten solid and then radiates into space. For low conductivity 
formation, heat increase till the difference in temperature across the formation 
allows flow of heat in the insulator to be equivalent to flow of incoming heat. 
Increase in geothermal gradient tells an increase in pressure gradients upon 
entering an abnormal pressured region as example is shown in Figure 2.12 where 
a graph of flowline temperature gradient versus depth is drawn for both normal 





Figure ‎2.12: Depth vs Flowline Temperature (Wilson and Bush, 1973) 
 
An increase in the value of G reflects an increase in temperature so Equation 
2.10 can be rewritten as shown in Equation 2.11 where ΔT is temperature 
gradient. So this method can indicate the transition between zones hence pore 
pressure can be determined quantitatively denoting value of greater flow line 
temperature gradient or using gradient ratio as shown in Equation 2.12 where GR 
is a ratio of abnormal flow line temperature gradient, ΔTa to normal flow line 
temperature gradient, ΔTn. 
 
      
     
     
    (2.11) 
 
   
   
   




Analysing the value of GR will determine the value for pore pressure as given in 
Figure 2.13 where a graph of gradient ratio versus pore pressure is drawn for a 
normal pressured region. 
 
 
Figure ‎2.13: Gradient Ratio vs Pore Pressure (Wilson and Bush, 1973) 
 
Limitations of this method are such that materials within the grains do not have 
the same thermal traits, flow line temperature can be greatly affected by certain 






2.6 Highlights of Literature Reviews 
 
It was found that there are many different types of pores and their classifications 
corresponding to different porosities and other properties. There seems to be a 
relationship between pore types, their classifications with pore pressure. 
Secondly, it was found that there are many different types of pressures 
corresponding to different geological settings and mechanisms producing. Finally 
different methods in predicting pore pressure were laid out and briefly described 
and compared. This clearly established the specific findings in all previous studies 





Chapter 3  METHODOLOGY 
 
 3.1 Project Activities, Timeline and Tools 
  
The diagram Figure 3.1 below shows an outline of activities done in this project 
and the next Table 3.1 shows a Gantt chart of project timeline. 
 
Figure ‎3.1: Outline of Activities 
 
Primary data was given which includes core and geological data, which was 
already gathered from Azar Sarvak field in Iran. A method of critical evaluation 
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papers were reviewed chronologically, denoting amendment made between 
studies of pore types and their classifications with pore pressure, and the advances 
of each approach with time in predicting pore pressure. With these two vital 
elements, problems could then be solved. 
 
Table ‎3.1: Gantt Chart of Project Timeline 
Research Components 
Months 
March - April April - May May - June 
Week 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 Chose Project Title                                   
2 
Commencement of Project 
Work and Project Writing in 
Introduction and Literature 
Review 
                                  
3 Progress Report Submission                                   
4 Draft Report 1 Submission                                   
5 
Project Writing in 
Methodology, Results and 
Conclusions 
                                  
6 Draft Report 2 Submission                                   
7 Spiral Bound Submission                                   
8 Make Slides Presentation                                   
9 Oral Presentation                                   
10 Hard Bound Submission                                   
 
Details of pore types, their classifications with pore pressure estimation 
techniques are shown in previous sections. This methodology is based on 
manipulation of literatures done from published works such as journals, books 
and websites. The diagram Figure 3.2 below shows a flowchart of step-by-step 






Figure ‎3.2: Flowchart of Step-by-step Procedure 
 
1. A full set of about 120 published works were obtained mainly in the form of 
journals, books and certified websites. First the soft copies were all renamed 
in accordance to the year it was published. Then each of this paper from the 
old to a new one was read and reviewed critically, making sure which made a 
huge impact on the proposed objectives. 
2. From the papers read, pore types and their classifications could finally be 
understood then they also have different properties like porosities and 
effective stresses they rely on, which in turn give different pore pressures. 
3. The correlation between pore types, their classifications was established to 
that of pore pressures. 
4. From this, each paper was also reviewed on approaches made to actually 
calculate pore pressure. Different approach was compared and contrasted, 
noted the advantages, disadvantages, limitations and assumptions. 
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5. A set of core and geological data was given beforehand this project, these 
were read and analysed if it could be applied to the project itself within a time 
constraint given. These data were obtained from Azar Sarvak field in Iran, 
consisting of explanations of layer of different zones prevailing different 
lithology while core data was that obtained from a specific depth to determine 
permeability. A correlation figure was also given between this property to 
porosity. 





Chapter 4  RESULTS AND DISCUSSIONS 
 
 4.1 Data Gathering and Critical Discussions 
 
As said, since this project is mostly research literature based, to finally understand 
the relationship between pore types, their classifications with pore pressure; only 
core and geological data were given to comprehend about it further as in the 
Appendices section. Both of these data were obtained from an existing field in 
Azar Sarvak in Iran where each layer of different zones was established prevailing 
different lithology and petrophysical properties. A result of core analysis obtained 
from a certain depth was analysed in obtaining rock properties such as 
permeability and correlation of this property with porosity was made. Please refer 
Appendix A and Appendix B for more detail descriptions on these data. 
However these appendices were not able to support information on this project 
study, probably in the future as recommended in next section. 
 
Pore Type Classification: 
It was found that for a different pore type there is a specific value of porosity. 
There were three different basic types of porosities found: stiff, reference and 
crack pore. These different pore types and their classifications have aspect ratio of 
0.7-0.8, 0.12-0.15 and 0.01-0.02 respectively. It was proven that the digenetic 
history affected the minerals and fluids within the rocks hence affect the type of 
pore therein. This result is shown on Table 4.1. 
 
Table ‎4.1: Different Pore Types 
Pore Types 
Stiff Reference Cracks 
0.7-0.8 0.12-0.15 0.01-0.02 
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Porosity and Other Parameters: 
Firstly, it was found porosity is a function of different parameters. It is 
interrelated to pore size (pore geometry and type). Pore size on the other hand is 
also related to how particles are sorted making up rock fabric hence its 
relationship to porosity. Depending how grains are packed, porosity is between 
0.26 to 0.48. For sand grains of different sizes, ø is between 0.30 to 0.35. This is 
because if irregularities in shape increase, gaps are getting bigger thus giving 
bigger porosity. This relates to the PSD. PSD is denoted by effective radius of 
pore body. It also plays an important role in controlling the structure of pore 
types. 
 
Secondly, note also that porosity is a function of an effective stress and it will 
greatly affect the values of porosity.  Effective stress may differ between pore 
types that of sandstone and chalk due to differential effect in the spherical pores in 
chalk and slot porosity in that of sandstones. The latter tends to have effective 
stress approximately closer to unity. 
 
Thirdly, a correlation of velocity and porosity was found for different pore types 
and their classifications. Geological processes such as dolomitisation, dissolution 
and cementation in the pores are the main factors affecting porosities and how 
velocities are different for each pore type. In other words, the spatial distributions 
of variation in pore types and their classifications are due to the effect of these 
processes and their effects towards other petrophysical properties like porosities. 
Velocity is more affected in stiff pores than in crack pores because shear wave (S-
wave velocity) is more affected by cracks than stiff pores (Luanxiao et al., 2013, 
Irineu and Roseane, 2012). The relationship between porosity and these 






Figure ‎4.1: Relationship between Porosity and Other Parameters 
 
Porosity and Pore Pressure: 
It was noted that porosity-effective stress relationship is the one majorly used in 
determining pore pressure. After getting hands-on in a full set of published works 
such as journals as in the literature reviews, it can be finally said that there is 
indeed a relationship between pore types, their classification with pore pressure, 












 Figure 4.2: Relationship of Pore Type with Pore Pressure 
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Pore Pressure and Prediction Methods 
Since correlation was proven to exist, now different methods as per briefly 
explained in literature reviews were compared and contrasted denoting the 
differences between them, limitations and assumptions used on each. Note that, 
this prediction method is improving with time and assumptions are based on 
different environmental and geological settings. Firstly, different method is 
divided into two types: argillaceous and permeable formation approach. As stated 
first approach makes full use the porosity-effective stress relationship while the 
second approach is a direct observation on pore pressure. Since focus is more 
towards in the pre-drilling phase as to find pore pressure so drilling activities can 
be performed at an ease, so only argillaceous type of approach is used. The result 
is as shown on Table 4.2. 
 













Type Argillaceous Permeable Formation 
Obtain 
Period 
Pre-drilling During drilling 
Yes/No Yes No 
 
 
In addition, limitations of each method are as presented in Table 4.3. This helped 
in narrowing down further on each method. Note that this includes cost, time, risk 


















From this, a critical evaluation of different methods and analysis in a specific 
environment are needed for this to be more proven, where the best method is 
applied. It was found that the first method that is combination of logs of electrical 
with resistivity and acoustic was the best method to be applied since these data 
could be easily obtained from the existing field. However, these logs data required 
time to obtain. So this study is left for future research to be done. Seismic is not 
used among those three stated above because of its extensive limitation and of 
course due to its expensive cost of procedure. 




If justifications made on these results and combination of data was present, this 
can be done like so: 
 
1. Obtain electrical logs such as resistivity, sonic, gamma ray in different 
intervals. 
2. Plot sonic logs of different intervals together where points are smoothed to 
see them visibly and reading points are averaged. 
3. Align sonic with gamma ray logs (along with other logs like resistivity) in 
determining tops of lithology and formation analysis in different zones by 
observing any sudden changes from general trend based on own 
geological interpretation. 
4. Identify between sand and shale zones using gamma ray logs and obtains 
volume of shales at each point of interest. 
5. For each point of interest, find the corresponding hydrocarbon and non-
hydrocarbon bearing zones and find velocity from sonic log. 
6. An accurately calibrated velocity curve is plotted logarithmically for a 
continuous trend line in all intervals. 
7. Determine pore pressure using known method mainly that one that utilises 
Eaton’s‎approach‎ (as‎explained‎ in‎ literature‎ review).‎Why?‎Because‎ it‎ is‎
famously known to be universal in Oil and Gas Industry. 
8. Modify results for different pressure points. 
 





Chapter 5  CONCLUSIONS AND RECOMMENDATIONS 
 
 5.1 Conclusions 
 
Highlighting the most significant findings as per examined in the previous 
sections, that is there is indeed an indirect relationship between pore types, their 
classifications with pore pressure. However this relationship cannot be 
mathematically expressed. Moreover, different approaches of pore pressure 
prediction were understood and identified and each of this method was discussed 
in detail and a best method is chosen. 
 
 5.2 Future Recommendations 
 
Perhaps with more time on hand, other researchers may continue this research by 
providing experimental approach on this subject to a few case studies. By which 
this can be done by having more data such as offset log data, core and geological 
data so the relationship can be more vividly proven. Seismic will probably give 
better results but considering the factor in economy and time and the fact it is in 
an early stage of development plan, it is indeed very expensive method and 
merely time consuming. Hence, the availability of log is enough and will be 
processed in relation to the available core and geology data as in the Appendices, 
in producing output as such to prove the relationship of pore types, their 
classifications with pore pressure so the reports of Appendices can support this 
research study (of course estimation is built on several assumptions). 
 
Note that pore pressure prediction has improved with time. Software has been 
used in prediction nowadays with the sophistication of parameters applied. This is 
done by relating pore pressure and fracture gradients with appropriate model of 
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known method‎such‎as‎Eaton’s‎using sophisticated integrated computer software. 
Some environmental settings use advanced tools such as MWD and LWD. These 
tools and approaches stated have the ability of getting real time information. 
Moreover, it can provide information on wellbore stability and evaluate stress 
fields of wellbore. 
 
In the future, it is also recommended that processes producing different pore 
pressure become a focal point in order to provide better interpretation of large 
amount of data. In addition, uncertainties associated with any methods used 
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